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转速150 r/min，pH 6.0－8.0为较理想的发酵条件。 
然后，在培养基中添加多孔陶瓷或浮石固定化载体进行固定化发酵，在 37




石的 佳装载量分别为 20 g/100 mL 培养基和 8 g/100 mL 培养基， 佳转速为 200 
r/min， 佳培养温度为 37℃；发酵液 pH 值对细胞产酶的影响较小，pH 值 6.0-8.0
之间发酵液的酶活力变化不大。操作条件经过优化后，多孔陶瓷固定化细胞和浮
石固定化细胞摇瓶发酵发酵液中的酶活力分别达 96.2 U/mL 和 77.9 U/mL。固定
化发酵具有良好的重复使用能力，在连续 10 批次实验中，多孔陶瓷载体固定化



















曝气量为 0.6 mL/min时，培养 48 h后，发酵液的酶活力达 100.3 U/mL。固定化













































β-glucanases are important enzymes in the brewing and animal 
feedstuff industries. In China, the supply of β-glucanases mainly 
depends on import. The maturity of immobilization technology has been 
bringing a new chance for the development of fermentation technology. In 
this thesis, Escherichia coli JM 109-pLF3 was immobilized on porous 
ceramic as well as pumice by adsorption, and fermentations with the 
immobilized cells were performed in shake flasks and a fix bed bioreactor, 
respectively. The fermentation conditions were investigated in each 
cultivation system and their cultivation mode. 
At first, the free cells of Escherichia coli JM 109-pLF3 were 
cultivated at shake flasks at 37℃ and a rotational rate of 150 r/min. 
The highest enzyme activity of 32.1 U/mL was obtained after 50 h 
cultivation. The cultivation conditions of 100 mL medium in 500 mL shake 
flasks, temperature 37℃, rotation rate of 200 r/min, and pH value of 
6.0-8.0 were favorable for β-glucanase production. 
Then, porous ceramic and pumice were added to the medium in shake 
flasks, respectively. After 48 h cultivation at 37℃ and a rotation rate 
of 150 r/min, the enzyme activities were 57.6 U/mL and 56.7 U/mL, 
respectively, which were about 2 times of the value by free cells 
fermentation in same conditions. Both of the carriers were actively 
colonized by recombinant Escherichia coli, after fermentation, the cell 
densities in the carriers were found to be 10 times of that in medium. 
The optimum amount of porous ceramic and pumice were 20 g/100 mL medium 
and 8 g/100 mL medium, respectively. The optimum rotation rate was found 















activity in medium could be kept more or less constant when the pH value 
was changed from 6.0 to 8.0. With the optimum conditions, the enzyme 
activities of 96.2 U/mL and 77.9 U/mL were achieved by porous ceramic 
immobilize cells fermentation and pumice immobilized cells fermentation, 
respectively. Repeated batch fermentation with immobilized cells showed 
that Immobilized cells had high stability for repeated use and the enzyme 
activity in the medium was not less than 91 U/mL and 72 U/mL for porous 
ceramic and pumice as carriers during 10 repeated batch cultivations, 
respectively. 
And then, production of β-glucanase by the immobilized cells in a 
fix bed bioreactor was studied. Whole cells of Escherichia coli JM 
109-pLF3 were immobilized on porous ceramic. The cell density on the 
carrier was 0.02 g/mL. In batch fermentation, higher recycling rate and 
aeration rate were favorable for enzyme secretion. The highest enzyme 
activity of 100.3 U/mL was achieved at a recycling rate of 44.2 mL/min 
and an aeration rate of 0.6 mL/min after 48 h cultivation. In repeated 
batch operation, the enzyme activity of up to 100 U/mL was attained in 
5 cycles, showing high stability of the immobilized cells. While in 
continuous fermentation, the production of β-glucanase by immobilized 
cells kept more or less constant. Higher enzyme activities were achieved 
in smaller dilution rates, when dilution rate was 0.05 h
-1
, the enzyme 
activity in medium was 39.1 U/mL. 
Lastly, the models of cells adsorption on porous ceramic, batch 
fermentation and continuous fermentation in fix bed bioreactor with 
immobilized cells on porous ceramics were proposed. The models could 
fairly simulate the influences of operation parameters on each process.  
 






















和黑麦分别含 0.65％和 1.89％，稻谷含 0.11％[1]。依各种物种的不同，β－葡聚
糖含量不同，在同一物种中，β－葡聚糖含量也会随着来源及生长地气候等条件
的差异而不同[2]。 
1.1.1 β－ 葡聚糖的结构 
从结构上看，β－葡聚糖主要是由超过 1200 个β－D－葡萄糖苷通过β－1，3
和β－1，4 糖苷键连接而成。β－葡聚糖既包括由β－1，3 或β－1，4 糖苷键
构成的链状多糖，也包括由这些糖苷键混合构成的链状多糖。β－葡聚糖分水溶
性和非水溶性两种，但水溶性的占大多数。β－葡聚糖的溶解性受其结构中β－1，
3 糖苷键的含量和聚合度的影响。水溶性β－葡聚糖约 90％由β－1，3 糖苷键随
机连接起来的纤维三糖和纤维四糖构成，其余的 10％由β－1，3 糖苷键连接的
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